Abstract--Cation-exchange capacities determined by methylene blue adsorption (CEC MB) and by the amount of K displaced from a K-saturated clay by NH4 (CEC K//NH4) correlate closely in five soil clays from Pennsylvania, but differ greatly in two soil clays with a large content of amorphous material. CEC MB was found to provide a more precise distinction between montmorillonite and vermiculite than CEC K//NH~. Synthetic aluminosilicate gels showed CEC K//NH4 > CEC Ca/Mg > CEC MB, but no relation to the behavior of the two soil clays with a large content of amorphous material was found.
INTRODUCTION
It is well known that the cation-exchange reaction of clays is stoichiometric. The capacity value, being different in magnitude among clay mineral types, has been used as a means of characterization of a given mineral or mineral group. Alexiades and Jackson (1965) used the cation-exchange capacity as measured by the amount of Ca displaced from a Ca-saturated clay by Mg at room temperature (CEC Ca/Mg) and the cation-exchange capacity as measured by the amount of K displaced from a clay saturated with K and heated to 110~ by NH4 (CEC K//NH4) in calculating the amount of smectite and vermiculite components. In recent quantitative studies by the authors (Chu et al., 1977) , cationexchange capacity determined by methylene blue adsorption (Hang and Brindley, 1970) , along with CEC Ca/Mg and CEC K//NH4, was used in part to calculate clay components. This paper compares the values obtained by these techniques for soil clays and describes the response of standard clay and synthetic aluminosilicate gels.
MATERIALS AND METHODS
Seven soil clays (<2 v.m) were used ( Table 1) . The clays were separated from the soil after the removal of organic matter by NaOCI (Anderson, 1963 ). Free iron oxides were then removed from the clays by the citratedithionite-bicarbonate method (Mehra and Jackson, 1960) . Standard mineral samples were obtained from Ward's Natural Science Establishment, Inc. and included montmorillonite from Upton, Wyoming, and vermiculite from Transvaal, South Africa. The montmorillonite was crushed to <30 mesh, and the vermiculite was treated with boiling NaC1 solution to remove ~ Authorized for publication as Paper No. 5512 in the journal series of the Agricultural Experimental Station, The Pennsylvania State University.
Copyright 9 1979, The Clay Minerals Society interlayer K. The <2-/xm fractions were then separated and used. All soil and standard clays were saturated with sodium and washed free of salts.
Aluminosilica gels were prepared from 0.5 m AICIa' 6H~O and 0.5 M Na2SO3"9H~O solutions. Two large burettes were used to deliver these reagents simultaneously into 500 ml of deionized water being stirred by a blender. The proportional amounts of 0.5 M AICI3' 6HzO and 0.5 M Na2SO3" 9H20 added for different gels were 1:9, 3:7, 1:1, and 7:3; a total of 500 ml was added. The pH of the suspension was then immediately adjusted to 7.0 by addition of 1:1 HC1 or 6 N NaOH. After transfer to centrifuge tubes, the products were washed free of chloride (AgNO3 test) with deionized water, ethanol and finally with acetone. The gels were dried at room temperature and powdered by mortar and pestle. Analysis of the four gets by the technique of Medlin et al. (1969) gave A12Oa/(A1203 + SiO2) percentages of 9.5, 27.1, 46.5, and 66.4.
Cation-exchange capacity was determined by methylene blue (MB) adsorption (Hang and Brindley, 1970) and by the Ca/Mg and Fd/NH4 method of Alexiades and Jackson (1965) . Data presented represent an average of duplicates for all determinations.
RESULTS AND DISCUSSION
Cation-exchange capacities of the soil clays as determined by various methods are presented in Table 2 . CEC MB of the five soil clays from Pennsylvania correlated closely with CEC K//NH4, r = 0.88. The amounts of vermiculite calculated by the method of Alexiades and Jackson (1965) , using either CEC K// NH4 or CEC MB, were similar to the estimated value by X-ray powder diffraction analysis of oriented samples of the five soil clays from Pennsylvania (Tables 1  and 2 ). For the Groveton and Paxton soil-clay samples, however, CEC Ca/Mg and CEC K//NH4 are similar, while CEC MB is considerably lower. The quantity CEC Ca/Mg -CEC K//NH4, as used by Alexiades and 3 Determined by 0.5 N NaOH dissolution (Hashimoto and Jackson, 1960) . 4 Composition of the amorphous material.
Interstratified vermiculite-chlorite.
Jackson, indicates that little or no vermiculite is present in these two samples. When CEC Ca/Mg -CEC MB is used, the results are more consistent with those found by X-ray powder diffraction analysis. Since amorphous material commonly contributes significantly to the cation-exchange capacity, a large content of material soluble in 0.5 N NaOH in both the Groveton (16.6%) and the Paxton (25.6%) clays may be a factor in the difference between CEC K//NH4 and CEC MB for these two samples. CEC Ca/Mg and CEC MB are almost identical for the montmorillonite used, but differ greatly for the standard vermiculite (Table 3) . With vermiculite, CEC MB is much closer to CEC K//NH4. This behavior may be explained if the nature of the methylene blue molecule is considered. The relatively large methylene blue cation, 17.0 • 7.6 x 3.3/~ (Hang and Brindley, 1970) , can be accommodated within the interlayer space of a highly expanded montmorillonite but can not be adsorbed into the interlayer space of a vermiculite which has only limited layer expansion. For vermiculite, CEC MB essentially measures the externally exposed cation-exchange sites. The somewhat higher value of CEC K// NH4 when compared to CEC MB may indicate that some fixed K near the edges of the particles is being displaced by NH4. The difference in CEC Ca/Mg and CEC K//NH4 for the montmorillonite suggests either that it contains some vermiculite layers, or that some (Table 4) show CEC K//NH4 > CEC Ca/Mg > CEC MB. This behavior is different from that of the soil and standard clay in which CEC Ca/Mg should be greater or equal to CEC K//NH4. According to van Reeuwijk and de Villiers (1968) , the replacing power of the cations against K adsorbed on their gels, which are similar compositionally to those of Table 4 , is NH4 > Na > Ca > Mg. This sequence follows the lyotropic series, and fixation of the cation is not restricted to K. In other words, any cation could be fixed against the exchange of a weaker replacer. Thus, the lower value of CEC Ca/ Mg could be due to Ca-fixation against the exchange by Mg. Evidence of this is found when comparable Ca-saturated gels are exchanged by K (CEC Ca/K, Table 4 ). Analysis of the gels after determining CEC Ca/Mg also reveals that Ca is retained. The total Ca adsorbed (CEC Ca/Mg plus Ca retained in gel) is very close to CEC K//NH4. If this gel-like material is present in the soil clay, CEC Ca/Mg should be decreased while CEC K// NH4 would not be affected.
In an attempt to relate the cation-exchange behavior of Groveton and Paxton soil clays to the synthetic gels, Ca-saturated clays were exchanged with K. No difference was found between CEC Ca/K and CEC Ca/Mg. The composition of the amorphous material in these two clays indicates that their contribution to CEC values would be small if the amorphous material were similar to the synthetic gels. It is uncertain, therefore, how the similarity ofCEC Ca/Mg and CEC K//NH4 is related to the amorphous material content in Groveton and Paxton soil-clay samples. It should be emphasized, however, that for samples with a high content of amorphous material, caution should be exercised in the determination of vermiculite and montmorillonite using the method of Alexiades and Jackson (1965) . A modified method has been proposed by Rengasamy et al. (1975) , in which amorphous material is removed prior to the determination of cation-exchange capacities. For some soil clays, a treatment with 0.5 N NaOH could alter the nature of exchange sites. Gains in calculated vermiculite of the samples studied vary from 0 to 25%. Since no difference was found between X-ray patterns of the soil clays before and after the 0.5 N NaOH treatment, the modified method is questionable for general application. In conclusion, CEC MB may provide for a better distinction between smectite and vermiculite minerals than does CEC K//NH4. Furthermore, caution should be exercised when a considerable amount of amorphous material is present if cation-exchange capacities are used to characterize the clay components in soil clays.
